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E. A \ALYS I S OF TEST R E S UL I S

The  f i r s t  s e - n c - s  uf L i f e -  S u n n - m r t  C - l l s  i m m n s ’ i t ’ i I , - S  l i l t -  ha s c - i i n t - i -  r I u n m ~ i m t _ i C e  f o r

t h e  e n t i r e  p r oj e t t .  l u -  bi~ S i c  c l i e i _ i t i t -~ rv \ V m S  the s a m i i c -  o r  t h e  I l _ i r e , ’ I v I _ i t ’s 01 c c- l i

c o n s i d e r ed ;  t h e r e t ’ m m m - e , t i _ i t ’ f i r s t  s - r t & - s of ~~1h  St ) ~m c - c r a f t  ~-\ an d  S:s, c - - u  ra ft B

ce lls a l s o  r ep r e  sen t  f m ~ r t h e  r - x t e n  s i m - u n s  -f t~~~: ba sc- li  ‘u- n c -  r I o  r i _ i t  - f lc e ,

Onl y one f r e s h  e m - l i  of t l _ i ’ f i r s t  sc - r i e s  w - u  s sub ject ed to the regular  d isc h a r g e  t e s t ,

b e c a u se  of t h e  m l n c - \ D e- t i c - d i v  s ev e r e  pa s s i v a  i o n  d c  -ic r i b e d  i n  t h e  i ) r c - v i m m l i i- i - - k ’ t i O f i

u n d e r  Te s t  R c su it ~~.

1. Pa s s l v ; I m ( m m _ i

T h -  poo r p c -r io  rn _ ia n ec -  of t h e  Ii r si Sc  N c- s  of L i f e  Su t >  I rt  C t - I l  s a i t - u - n  o n ly  t i _ i  r e- c ’

wee-ks  s tora ~~t- at  ru  t n t  t e m _ i t n e  r a t u r e  \ \ - m  s ~~i t  n i h u t e d  t o  a pa S S i \  t i - n  f i l t i i  t h a t

develop ed  on t h c -  i i t h i u n_ i  a n o d e .  P r e v io u s  (i~~t a i c len t  i f i e d  ‘ he -a- c s s i .  - - t i m _ i~ fu n_ i O m

p r -dornina nt l \ ’  L i CI  — ‘~ i t h  I r i_ i - - a m o u n t s  of 5, w i c  it  w a s  k n m o a ’n t m m  d ev e l op  du n i _ i~ l_ i ie -

t en_ ipe  r a t u  re s i m m  m m  ge - but wa S f l - m i  e xp e c t e d  1 m m  he -u s se’ ’ c nc do r i n g  short t c rn _ i I o ra -,zc

at rooni  t e n i pe  r at  or e .

T h m  c on fj r n _ i  t I _ i t -  o c c u r r e n c e  ~mf h t h i u i _ i _ i  c - i c - c t  rode ’ i_ ia s s i v a t i o n . I h c  H , l  - t i _ i  u I  a c c l i

f r o m  the  f i r st  ser i e s  w a s  rc - I _ i _ i o v e O  t o tic - r r _ i t~ t t l’u- m u - m i m I  o n i n g  of b - - t i_ i h i m ’  ~ o s i t i v t -  a n d

nega t ive  e lec t  rode  pot e n t i a l s  wit h r c - s p e c ’ t t - u m  ,i l i t i _ i i u t _ i _ i  r e f c - r m -n - . T I _ i c  c, ’11 l a m t t Oi l _ i

wa s  sepa r a t e d  i r o n _ i  t h e  i i t h iu n _ i  i— c - f - u - n c - n e c -  14 ~i g l i  s s  sc - n m  n i l  o r  , nd t e st e d  in a

seal ed eli -u  ss ve  h i m i c - Vt T I_ i c  re- suit s sh o w n  i n  Fi~~- u a r m - 34 s u h~~t -  nt i a t m - h o t  t i _ i t - c a i - t s I,

m - u f  c e l l  d m - g r a d a t u m n  i s  i f l o d e  p a S S i V a i I O t _ i~

A p o st m o rt c- i i _ i  on t i n -  s m i l i c -  e m - l i  i n c l i c - n ’d no si gns  ui  - u r n t s i m m m _ i  on 1 i c - -V- I L  S I  -

st - c - l  co] lect m r s , i m - a d s , n o r  i t  I b m -  5 p m ? —~ t m I d m ’ m I  u n c t ion  ~ ‘ u c  c-n  lie c a t h o d e  le a d

an d  t h e  3 1 1  st m j n l m - s s  s t e e l  c a l m , 

~~~
-
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At t e m p e r a t u r e s  below 7 5 °F , a l l  cel ls  w e - r e -  g iven  a 5 ohm load in an a t t e m p t  to

reduce the e f fec t  of an ode film on ce- i l  p o l a r i za t i on , but t o  no a v a i l ,  Onl y at cur-

rent dens i t ie s below 0. 1 m A / c m 2 cou ld  a p a s s i v a t e d  cell  be e f f i c i e n t l y d i s c h a r g e d

as shown in F igure  3 5 .  T m - t i ce l l  c u r r e n t  w a s  2.4 n_iA d i s c h a r g e d  to  a 2 , 0 vo l t

cutoff .  It d e l i v e r e d  1. 24 a m p - h o u r s  and e n e r g y  d e n s i t i e s  of 10 , 8  w a t t - h o u r s/ i n 3

and 108 w a t t - h o u r s / l b .

Two cells  of the f i rs t  s e r i e s  were  subje cted to  d i s c h a n i ~e at 0.  1 mA/cm 2 a f t e r  3 . 5

months s to rage  at 1 4 0 ° F  and still demonst ra ted  e f f i c i e n t  pe r fo rmance .  One ce l l

was g iven a 2 8 .  6 ohm (~ 120  m A  at 3. �V) pu l s e  load f o r  5 second s a f t e r  338 h o u r s

of d ischa rge  and the  o t h e r  the  same pu l s e  load at v a r i o u s  in te  r v al s  a s  shown in

Figures  36 and 37 , n c - s n - u - i  t i v e l v .

As a result of t h i s  ana ly s i s  of the  e f f e c t  of t h e  p a s s ivm it i n g  f i lm on cell uc n f o r m a n c e

the following point s can be made:

a ,  The p a s s i v a t i o n  ph e n o m e n o n  does  not nt~’r f e r e  w i th  t h e  cell ch e m i s t r y

b e c a u s e  heavi l y pa s s iva t ed  cel ls  did not  exh ib i t  si g n i f i c a n t ly r educed  c ap a c i ty

when d i scharged  at a low ra te ,

b. Pa s s iva t i on  adve r se l y a f f e c t s  cci i  p e r f o r n _ i a n c e  in two  ~~a y s :  ( 1 )  i n c r e a s e d

tin _ i c dela y in reaching a c c e p tab le  vo l tage  levels  at the onset of loa d ap a l i t a  -

t ion and ( 2 )  de c r e a s e d  cell ~a p ac i t y  at hi g h d i s c h a r g e  r a t e s , a n d  a t  low

t e r n  p e ra t  u r e 5 .

c ,  The improved  p e r f o r m a n c e  a f t e r  hi g l_ i t e n _ i n c - r a t  u n c -  s t o r ag e  of ti _ i c- l i i i  rd and

four t h s c - r i - u - s  of Life Support  Cell s s h o w s  t i _ i c  c - f f c - m. l i v e  m i t -s  s of t h e  n_ iea s u r e  s

t aken  t o  c - m i n t e r - u  ci anode pa ssiva t ion  d u n i ng  t h i s  p r o j e c t ;  viz , a d d i n g  5 PC’ r-

c e n t  w - i  e l _ i t  SO 2 to t i _ i t ’  e l e c t  r o l \  i c  s o lu t i o n  and u s i n g  a g o o d — q u a i i t ~ l i t h i u m

and L 1A 1C 1 4.
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The e f f e c t s  of p a s s iv a t i o n  on ce l l  p c - r f m t r n _ i a n c e - of t h e  f i r s t  ~ c - n _ i t - ,~ of L j f c ’  Sun port

Cel ls  a re c o n s i d e r a b l y  r educed  in ‘ he- t I_ m d and  f o u r t h  se r i e s  a S d c - n _ i on s?  r a t e d  by

their pe r fo rman ce  a f t e r  var i ous  d L r a t i o n s  of s t o r a g e  at hi g h t e mp e  n a t u r e .  The

fourth s e r i e s  shows a no t iceab le  i n _ i p r o \  e n _ i t - n t  o v e r  t h e  t 1_ i~ rd s e r i e s  t o o t  is due

entirel y to d e c r e a s e d  n a s s i v a t io n  h c ’ c a u s c -  t h e  onl y d i f f e r e n c e i n  -u l l  d m ’ s i g n  a n d

fabr ica t ion  is the u se of a be t t e r  ~ r ; m m ’Ie of li t h i u n_ i  in t h e -  c on s t  Inn t i  n of t h e  - u n o d e

for the four th  se r i e s .  Even a f t e r  m n _ i o n t h s  s to r a g e  a t  h i g h  t e-nipe  r - u t u r e . c e l l s  of

the fou rt h s e r i e s  show con s ide rab l e  c a p a c i t y  w hen d i s c h a  nged - u i  t h e  n r e s c  r i be d

r a t e s .

Cells  f r om the four th  s e r i e s  af te  r 5 months  s t o r a g e  at 1 4 0 °  F We- n e  d i s c h a  rged  at

1 m A / cm2 ( 3 6  mA) ( g r e a t e r  t h a n  t e n  t i m e s  t i _ i c  d i s c h a r ge  i - i t t  of t he  low r a t e  dis-

charge of the f i r s t  s e r i e s )  and at ~~. 0 n _ i A / c m 2 . T h e i r  p e r f o r m a n c e s  a r e  sho~ —n

in Fi gu re s  38 and 39, r e s p e c t i v e ly .  The  ce l ls  exh ib i t ed  at leas t  ~~ of t h e  capa c i ty

of a f r e s h  ce l l  (nomina l 1. 60 A h r~ .

2 . E f f e c t  )f T e m p e r a t u r e

The resul t s  of d i scha  rge t e s t i n g  of cel ls  in all sc n c’s , b ot i_i f r e s h  a nd! a t t c -  r hi g h

t e m p e r a t u r e  s t o r a g e , show a d e t e r i o ra t i o n  in p e r f o n t _ i _ i a n c t- c l_ ia r i e t e r i s t i c s  - m t

t empe r a t u r e s  be low room t e m p e r a t u r e .  T I_ ic -  d e t e r i o r a t i o n  i n c l u d es  l o w e r  cel l

capa c ity and mid point vol tage  and lo n g e r  d c - l a y s  in r e a c h in g  ~ 0 p e n c e - nt of mid-

point vol tage at the  s t a r t  and d u r i n g  a ch a n g e  in t h e  L ma d of m c l i s c h a  rg ing  cel l .

Data for th e  t h i r d  bu i ld  of ce l ls  i f l u s t  n- - u  t i n e  t h e  c - f t  - u - c l  of ‘ e n _ i n  m - m t o r e  on cel l  ca pa ci ty

are shown in Figu re 40 and or_ i mid point  vol ta  cc in F _ i c - o r e  4 1 .  Capa c it y data  a s  a

f u n c t i o n  of t c m m p e  n a t u r e  f o r  t he  f o u r t h  b u i l d  I s  Si_ i(_ iW fl in F i c -u r e  4~~. T i _ ic -  f i e u r t -s

~e l -so s h o w  p e r f o r m a n c e  a f t e r  s torage  at  m m  c -h  m e n _ i p e r - m  t i r e - .

3 .  C c l i  P e n f o r n _ i a n c c

T h e  o p t i m u m  p e r I o r t _ i _ i~l r ice d en _ i o n s t  n - i t  e d  14’ a L i l t -  St i p u or t  Ce l l  d u r i n g  t i _ i _ i s  p r - t m - c t

was  tha t m m f  ii f r e s h _ i  cc -li of t i _ i c  l ou r i b s m - r u ’ s- , ~~h i i e h i  m - ~~ l i i b i t m - m i  I b m -  o l I m m ~~- i n c - :

_

~ 

‘~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V.~~~~~~~~~~~~~~~~~



V .--  ~~~~~~~~~~~~~~~~~ -Vt -V

~~~

- V - V  - --V—- -V— - - - V  -V

i-fl

/
(,/
(

*1_i C.,
- f~’i LI

O

N

oo U,
1/) -

Vt,,- 0
N •oU)

V. -
e1

o
Cl) m~~~~bt

a 
~~ ~ 4

•N

s I’m o F-’
• 

~
..j .C L a

~~~~~~~~~ • 0 C-
‘7 ’ 7~~

, , 1j ,

—
Vt . Vt .  o Vt ~~~ U N

0~~~~

>~~
d ) O O) 6)

co~~~~ ’70 U

o 4

‘ -4

1~1~

U
0

(-_- 4. 1 0
0

9~IOA 
4
~~r t ~~UD I o d  T1~~D

70



- V - V - - - V - V  - - - - - -~~~~~
-V - - - V - V - -V -V  - - - V  - - -V-V- 

0

•— c4.4 —~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~
4’

0~~~

- La 
CO

4)
I’m

.4-4

I I 

‘ 

C)

C-_i C -)  — C)

~ 41°A ‘1~~ T~~U~~~l0d IT a D

71

---‘-- - V. - - - - — - - — - - - - - V t  --- -V —



Vt V.
~ -V-V~

fl -- - V t -
~~~~~~~~ 

‘-Vt-
— 4-e ÷4

C)
bS

In U) i-fl
—- 4_ c ~~ _______________________________

a

~~~O E  0 ~1~JO

N  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~
C) C

-I-

V t ,  C-U)
‘~0

1i4
I I I I

C) —a NC . _ i

~._ 4) 0 C) , Vt Vt Vt

— C C) C)

.tt_rv ‘ AT h) v ( !1’J ii~-~j ‘~~2\V 

- -V  



r~
_-V _ _V._ --V-V — - V - V  V t—-  -V -V~~~ -V -V 

~
-V-V

~
-V T-V - V- V- VV . V .  ~~~~~~~~~~~~~

0

0

— C
0
U,
—-V C

-V -u —_i
0
zi’) <

4-” ~~-4 - - 4-.
0 La C

0 -t- 
C

111 I a
Vt 

•_~ 
‘.1

,—~~
, 

‘—4 ~~~ -V -4- -.

4 ) C  c-u
~~~~~~~ % t t  C

Vt

~~~~~~~~~~~ ~~~ 
. -

~~ ~X4.,‘m ~~ i l l  —

‘ 7 o~~~~ ~l %
C- -Vt’— ~ 0

~~~~~~~OVt \
La~~~~~ < ‘ 

m
~~~-1.

, U,~~~~~~0 ‘ C 4)
_

-— 4) _ I’. ~ • NC C.L ,4,~.-_-V-V tVt_ . --V_-. ..4 
‘ -_ (~ m~~ Vtf - P-V’ V.~J ~~ ‘~ 4 ’

0
k - u 0  C) ‘Cr

• ‘mr
° 

_-V __i
~ C.

C-a
4’—

~~~~~~~~ 0 b--u

I I I I I
I’m 10 CO — C-’ 1 - La -u

1’l 
Vt . Vt

u_i CO CO Ni C--I -“ I

S1TO A ‘I~~ilU ~~ 0d tI~~’) ‘
~~‘V

r 0
‘- I a - .

i--u) 4)

C- C -

b-~ 0
0<100 

_i__ ,__



- - V T - - - - -- V- V .  -V

~~~~~~~~~~~~~~

—- — - --

-

0

(~1
4--I

o E
U,
—Vt -V C)

~ CO

0 -
~~~

U,

U i-n
0 - 0
Cl)

e~~~~~~~.

m~-I V.“—I CO - V.

0 - —  —I,
— C)

La a~~~~~~~~~ 
Vt NC ~:0~~’i’

(I) — ~I~I . .4— —
Vt (‘~ - M

— -
U)

0-.

a km 0~~~
V t . k m  La C)

/
~~~~~~~~~~~~ \ \ J’ — 0

1-. 4’
— ‘ ‘%.I

0-V

\ 

LIC H ml)
‘-I’ ÷4 1.4

0-. 1..

Cl_i 0-.

Vt C

I I I C --
“1’

0 NC -V -u-V I

C C C

-_ i q y  ‘A~ r . ed _i~D 1T~~D ~1Ay

- -  _-~~--- ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - , 
,,~~~~~~~~~



rrV.
~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -—- -V - -V

Ce1 ‘~~) - m c ~~~V Vt I . ~7 ~-\ r

En e  n e y  I) -n -~i t  v I V o l  - I ~ . ~ \ i - - a t t  ~ u m u r ~ Rn 3

E i _ i i - ’ r g y  De I - V j t y / t,V - 15 \\~t t t . , 4 - ’ t m r ~~/ l b

T i _ i c - s c  r e s u l t  s a ppr o a c h _ i t h e -  u l t i n _ i a t c  D m  r f o r n _ i a  _i e g o a l s  ~ H 1 wil l  he r c q ui  nc- c- ‘o r

f m i t u r c  A i r  l~~ m r m  C a - u ~ l i m  ;u c i ( ) n  a s  C i e s c r i t ) c - c  in  t i _ i c -  ~ t . t e t _ i i c - :_ i~ ~~I \ V o r k  ; m n i  e v e - n  c x i -

t h e c - ( )~c 1 set  fo r c - m i t -  r cy ( t ( -n s i t y by \ v -  : c- i l  . T h e y  fu  nt  h i - -  r coni u - e re I i  vora  1 ~ ~t i_i

t h e  ) c - s t  p e r f or l ’ r ia nc  of a f r e s h  cel l  C m t ’ t h e  f i r s t  5e r~ es  f a b r i c at e d  t o  p r ov i d e  ha s i - —

l ine  da ta  a nt i  n e o n - - s e n t  - u t i v e  of t h e -  ~l a t e  of t h _ i c -  a r t  a t  t h e  si r I of  t i _ i - - u r o j c - m  C :

C a n a c i t y  _ 0 .~~~~~~~~~ - \ h n

Ene rgy Den~~it ~ -
- ,~ \:ol — 7 - I w - c t t  — h o u r s  / i n 3 —

En e - r~~ y De ns i t y !  \\ I — T~~ ~ w a l  t — h o u r s  f i b

T h e s e  r e s u l t s  r e p r e s e n t  ti _ i c- b e s t  p e r f o r n _ i a nc i -- n t _ i l _ i _ i  - I c i _ i  r- -5 pe~ t iv i - - s e - r i e ~ 1

ft ’ c s li i- e - f l s  t c - s t c d  a t  n o o n _ i  t e n _ i p e - r a t u r e - . A s d e - S c r i l ) (i a b - u m - : c - . t i _ i c _ i i - r f o n t _ i _ i a  i_ i c c-

d e t e r i o r i t m ’ s  in  cel l s  s t c , r c - ( 1  a t  i_ ug h t - i _ i _ i t _ i c r a t u n e  a n d  cii ,s ch a  r e e d  m t  l m ~i - - r  t i _ i~i n  ro u t _ i _ i

t c - n ip e  r a t u  re - . T he’ t c-st  r e- s ui t s  show , h _ i o~veve  r . t b_ ia t t b _ i c  -z c i ct c  r i o  n - i  I i ng it _ i t I u i - - t i e  i- -
~-

\ i - e - re - co n s i d e r a b l y a h ) a te d  in t h e  l a l - r  Si - - n e - s of ( c l l 5 , t i_ ia t i n c m m r n m r d t e ( l  ( ii~e n ~~i- - s

i d e n t i f i e d  an d  d e - ve l op e d  in  cell i n _ i p n v e t _ i _ i c nt stu ci i c’ s c a r r ie d  on d u r i n g  t i _ i t  - u r  m I c ~~ t .

T i _ i c  ch i s ch a m - e e -  t i m _ i _ i c -  a nd  b a m t - r v  v c m i t - ee of t i _ i c - P R C~~~)0 h a t t c - r i e s , - u n  n i m al h o t_ i  m l

t i _ i c -  03 ( )  I I L i f t -  S u p po r t  Cel l , a rc ’ c o n s i s t  e n t  w i t h  t h e  f r e s h  ce- l i  da t a  p r o v i d e d  by

t i _ i c -  L i f e S u m m m - r l  C e l l s .  T h e -  h - m t t c - r y  can  c _ i t t - u - r a t e - above ’ 1 0 . 0 volt s a t  t m ’ t _ i _ i p c’ r a t u r c - s

a s low a s — - - F .  [ i _ i t -  d i  s-c ha rgc-  l i t _ i _ i c ’  n :l  n g e - s  t i - c i t  i _ i  a b o u t  1~~ h _ i o u  r s  a I - 7 ~ F 1 o

I .  .~ h o u r s  t —~~~~~~ F.

O ne of C m e  hr t t c n i m ’ s  c i i ~ i _ i ) e r g c ( I  a t  - 7~ 1 c-~~i _ i i~ m i t c m t  v c - r \  c d  n v  v o l t  g m -  d r m m ~ t i - c  10 , 0

v o l t s  a I c r  2 I _ o u r s  u i  run  tim e ’ . TI _ ic  m a  it s . - of t h i s  p r c d ) i e -m  w a s  clue t m  -n _ i  a b n n n , _ i _ i - - u l

0 ’  I t -  -u i - i c  -u r i n  - m O m  c ~- 1 1 .  -\ ft c  r a 1)0 01 1 - - h o u r  of r u t _ i  t i  i _ i c -  m e d  ia i- -d , ¶ i _ i s  e c u  c \  I _ i t  h i t  ~~( i

- v o l t - c c - ’ - o f  ~~~~~~~ t _ i _ i v  m t t h e  1~~ t ) t i _ i A  l o -u c i  ~~i_ id —~~4 i _ i _ i v - t  t i_ i c 4~ t _i m - \  l e n d .  Dc e t _ i  c l i s —

c h a r e i m _ i c- o t  t h i s  c e l l  did  n - - u t . h n \ \ m \ - - r , edI t s - c  d i - e r~~e s m f - u - t ~ h - - u i -u r d s .  
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S P- \ C F CR , -\FT C E L L S

1 : n -  Sa~i c e - -  r a ft C i - - 1 i - s  c m , n ~~~:~~~ i U~ t i - v o \ m ) - S :  ~~~ ) C e ~ ~~~~~~~ \ d i _ i c - h i  u- u , - - n m ~ ‘

i - ( l l  ‘~‘.~~t i _ i  a _ i m m n ’ i n a l  e a t ) a c i t \  of 2 f l 0  A t _ i n s , u :~ (I St ~~~ m i -  r ; : t  ~ — a 1~~i-’. _ i \ e r - -

i- e i i  W i t  h a n - - m _ i~i :_ i~t I ca Dt m c~ t V u t
-V 

~ 0 c )  A l _ i t~ ~ , - .  T~i- u s i- r t  c ~ e - i t i  C m l  ‘ ~e ~ i- i- - I I ~ ‘~~ . re

b u i l t  a n d  t c-~~t e -d . t i _ i c- f i r ~~i se n i e s  c m f  i - - a d _ i  : m _ i c m r : ~o r t - u~ i m _ i C : t _ i _ i t ) r ’~ -u m _ i t e fl 1 ~ )~. ~ e ( t ( i n

st u d i es  c O i -’l ( i i l c t - ( I  a~ t . - r t I _ i c -  f t r s t  s c - n c - s  of  L i t - u -  S I t t ) t ) ( ) r t  C e l ls ,  1- t i - - ~ ei -  m t _ i d  s e r i c

m t  c e l l s  o~ e m c h ¶ \ ~~ e e X h _ i u I ) I t ( ( I  u e r f o n r _ i _ i a n c e  c b_ ia r ti c~~c n i s t i c  s ~i _ ia t  , m _ i t _ i r o - m  ‘ ci t , -u

g m m a l s ~U r ( , t ) _ i (~i t V ,1 _ i fl  e r _ i c - r g y  ou t p u t  se t  f u r  A i r  F o r c e ’ a u a l : c - t i m m n s .

Ela ho n -- u  t c s t m  ~r &~t \ i_i re ’ m - i t ~ ~ on s  w e  r i -  Ia  I~ i- t_i i r I i i  nd l i t _ i  c- ~m rd t i- ~t i i_i c- t i c  S )d -u e r i ~

c e l l s  ‘ t i _ i -’ l u d i m _ i g t u e  u s c -  u t  t i m e  l I m _ i v~ ’;e - l l  O r d m _ i ; m m ’- i- P r - u v : : _ i c -  G t u i t m _ i d a ’  F - 11 ’ I~~ \ c r . \ I~~~.

a nch t i _ i c -  r e m _ i _ i - I c  a c t i \ ; - u i m m n  i _ i t  cc -U s - .  T i _ i e s  m _ i t & d s u r ’S we ’r e - t a F e ~n b e - c  m I s c  1 1 ~~i ie  \ \ \ t~ i l ’ ~

i t _ i — h ° i t s - c  - t ~pc n i & - m _ i c c -  w t t t m  c e l l s -  c f  ~~ i~~s t v t c ’  a m _ id i a t _ i _ i i l i a r~ t i - ’  i-v i ’h  i h _ i~- : t e n a ’ t i r e  u t _ i  ¶ e

s- u b j e - m  t d i t - t m t e d  t h a t  m , i u i t j m e _ i  be’ ( i i ) ~~~~r v e d i  \\ t I_ i i - l l s  c m l  t _ i i~~ ~~i - ’ i- a t _ i d  c i  ~- -u ’ t - m~~ ’ I 1 ~~- m ~~_ i i c  ,J

- \  — t e n _ i ,

T H i - -  e i _ i e - m m u ~~i t’y c i i  t i_i m -  S~~ i c c - c ’ nt _ i  1 C e l l s  i s  t h _ i c  s-a i _ i _ i c  d 5  ~~ l t i t  ‘I - ’ : c l ( - O c (i c i t m n i m _ i c- I l i -u r a l ’  r \

s t t t c h j e - s u_i t h i e  S ec  ond  s -c r ie s  ot L i f e  S m _ i t m ~~m m r  C e l l s

- ‘i - .  D l - S i C~~ ,-\~~ D I - A l l R l C -\ TIO~~

I .  Sa-~~ c -c  ra ft  ‘
,-\ ( - u - i l

T h e - d e s - i c - n  ;m nd f a b r i . a l i o n  e f f o r t  t o t -  t h e  S~~a e  c m  r a t i  ,\ o. I1 i’ c S u I ’  ed _ i t _i ‘ m _ i m  a n -  d c i ’ —

¶ 1 ( _ i fl m m f  t i- i- n S c n i c s ~~~‘ e \ ; _ i c - n j t i t c f l t a l  l id  n d u - m  r e  l l~ . . \1 ’~~m c  i c - I t  t i _ i c i _ i n -  c i - t  u r i c - I t _ i t I i i -

s l u m  ; u i e c h  ¶ ta ’ c- - m t  I m S e r i e s i-Va S I -  m c m _ i t -  t m _ i  - u t 1 t r - u ’~~~. c i_ i c - u _ i c -~~~ c- r e ( a l i r e c _ i i t ’ t _ i t  s , t id

r- ( h e o m t ~~s d u n n _ i c- t h _ ic~ i - c o i n s - c  d ’ 1 4  j fl’O e m t  n e s o lt ( i in  t i _ i . - i c r - - H - u  ~n c r_i m l \ \ -  t - l I ~ in

I l _ i c -  f i r s t  s , - n i m - s a n c i  d i r _ i c  t e l l s -  in  t I _ i . - - m m  m r _ i r I  s c - r i - u - s .
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F i g u r e  -43 s - h m i-v s a r e p r c - s e m _ i t - m t i v c -  i’ m s s  s - c - c~~ i t m_ i of the-  Spat  c - c n H m  C c - l i —  - .  m i _ i d I t t .

F i c - m i  ri - 44 p h u t  ~ c- ra p b_ i app l ies to  c- t i  c i_ i  m a  t I _ i c  ~ S m Se r a e - s of Sp acec  ra ft °A c e l l s -

f a b r i c a t e d .  ‘I he c a s e -  and  t e r m i n a l u m l a t e  i-v t - r e  p os i t i — : e and i_ m a d e  of 31 6L s t a i n l e s s

st e - i- - i .  The  n c c - a t i v c -  t e  rni ina l was  n iade  of n i c k e l  and  i t s  i s o l a t i o n  was p r t t~ici e-d by

a ~_i 1 a s s — t o —  m _ i~ c t ~t l  sea l using a 3 1 oL s t a i n l e s s  s t ee l  he ad c - r .  This  ti --a d e r  i-va s t hen

p r o i c - c t i o r l  we lded to  t h e  t e  r rn ina l p l a t e .  F i t _ i a  1 c l o s u r e  of t h e  te rn _ i ina l Ha t e  to t ii--

cel l  case -  wa s a c c o m p l i s h e d  using e lec t  r u m -_i i _ i c - a t _ i _ i  w e l d i n c - .

The-  ha r c i w i  m c -  a n d  in t e r n a l c o m _ i _ i p o m _ i c- n t  c I - s i c - n s  f o r  t I _ i c- f i r s t  s - e r _ i c - s  of  S D - m m  - c r a rt ‘ A

C c - l l s  i~t P r - S e n t e ( i  in Ta b) lE ’ X V I I .

T h i s  ha s i c  d c - s i g n  was  r e t a i n e d  in t b _ i e s c - c o n d  s e r i e s  . c- x c e t t t b_ iat t i _ i c ’  n u n _ i b e r of

c a t h o d e s  i - i - a s  i n c r ea s e d  ir o n_ i  ~~ t o  ~~7 , t i _ i u s  i n c i ’ e a s i t _ i g t u e  t o t a l  c a t h o d e- a r e - I I r o t _ i _ i

4~~4 3 c n _ i~ to  5Q~ c i _ i m . T h e-  o p e r a t i t _ i g c u r r e n t  d e n s i t i m - s  undc -  t’ t i _ i c -  Spa -u c - c  ra ft  A ’

lo ;c d or o f i l — - fo r t i_ i s  f ina l c i i - ’ s i c - i _ i  a r c - :

— - -

- i O A  — n , I) m _ i _ i A /  n_ i 2

~~5A - ~ .0  m A / u n _ i 2

- 3. ~ i _ i _ i A / c  n_ i 2

2 .  Sp a c - u - - u  n - u  ft J3 Ce l l

T b _ i c -  d c - s i c - n - e a c h  f a b r i c  ; e t j m m m _ i  e f f o r t  f o r  t h c -  S f)~1 m  c -c r a ft B Ce l l  r e s u l t m -d i t _ i  t i _ i c  ) r ’ - c c m  —

l i o n  of t w o  se r i e s  - u1 c x p - u - r i m _ i _ i e n t t tl i_ ia r d\ \ a r e  c cl i i - . A s -  c r e - su i t  of c i _ i a n g i i _ ig t’ c ’qui r~- —

r n e n t — c  -U_ i ( I o r i o n i t  i c - s  du n i m _ i g Cu -  ~n t - u i c - m  I , t i _ i c  m m n i g i t m a l r e q u i r e - i _ i _ i c - n t  f o r  l~~ i t n m t s  n_ i

e - e e  I_ i s m - n i t-S wa s  t’ d i t c ed  t o  t h r e e  a n t i s -  in  t i _ i c  f i r s t  s - c r i e s  a t _ i d  n i n e -  u n i t s  i n  t t t e

sec ond s c - n i t - s .  A r ep r - t S c - r _ i t l i v e -  c r o s s  s - c m  t i m i m _ i  01 t i _ i c  Sp - u c e c r a i t  - 11 (-V e I l . s I _ i c - u i - i -i_i

in  F igu  r e -  38 -u n d t h e  p hot  og n- - u  p h in  Fi g m i  n - u -  40 a pn l v  t C)  e~a e l _ i  o l  t h e  t i - v t _ i  s - e r i c - s  of c c - l i _ i c

fa I) r i c ; - u  t ed  .
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